Among women, there is an increased prevalence of sedentary lifestyle and less participation in physical activity at levels recommended by the Surgeon General. As a result, women have been identified as a target group in public health initiatives to increase physical activity. The health-related benefits of habitual, moderate intensity physical activity are well documented in the epidemiological literature, but less is known about the effect of such physical activity on cardiorespiratory fitness. Our hypothesis was that moderate and vigorous exercise training regimens of similar estimated energy expenditure would result in similar changes in cardiorespiratory fitness. Eighteen sedentary premenopausal women with the following baseline characteristics [x w 6 SE]: maximal oxygen consumption (V Ç O 2 max) 5 29.5 6 1.5ml ? kg 2 1 ? min 2 1 ; age 5 33 6 1 years; height 5 162.6 6 0.9 cm; mass 5 62.7 6 2.3 kg, were randomly assigned to either vigorous (HI, 80% V Ç O 2 max, n 5 10) or moderate intensity (MOD, 40% V Ç O 2 max, n 5 8) cycle ergometer training groups. Exercise training was conducted 3-4 (3.37 6 0.05) days/week for 12 weeks in a supervised and progressive manner, with estimated exercise energy expenditure equated across both training groups. V Ç O 2 max and time to exhaustion increased significantly in both groups (p , 0.05), with no difference between groups. Both groups had lower (p , 0.05) posttraining submaximal heart rates (HR), respiratory exchange ratios (RER), and ratings of perceived exertion (RPE) during graded exercise testing, with no significant differences between the groups in posttraining values. Women participating in moderate intensity exercise training as recommended in basic public health guidelines demonstrate an increase in cardiorespiratory fitness similar to that elicited by vigorous training. 65 
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is known to provide numerous health benefits, including reduced risk for development of chronic diseases, such as coronary heart disease (CHD), [1] [2] [3] [4] diabetes mellitus, 5 hypertension, 6, 7 colon cancer, 8, 9 and osteoporosis, 10 as well as reduced risk of death from all causes. 6, 11, 12 Accordingly, for over three decades, authorities in medicine, public health, and education have endorsed regular physical activity as an effective method for promoting health and preventing disease. [13] [14] [15] [16] Traditional physical activity guidelines have tended to emphasize the importance of structured, vigorous exercise, 13, 17 and such guidelines are supported by a large number of controlled exercise training studies that demonstrated that regular performance of continuous, vigorous exercise (e.g., jogging for 30-45 minutes 3 or more days per week) produces significant increases in maximal oxygen consumption (V Ç O 2 max). [18] [19] [20] [21] [22] [23] [24] [25] More recent public health recommendations on physical activity, including that from the U.S. Surgeon General, 26 have endorsed daily participation in moderate intensity physical activity. 15, 16 Support for these guidelines has been drawn primarily from the findings of epidemiological studies demonstrating the beneficial effects of accumulated, moderate intensity physical activity on chronic disease risk. 11, 12, [27] [28] [29] [30] [31] [32] [33] There are two important issues pertaining to these public health recommendations. First, it has been reported that most women are sedentary, with only a small percentage of women of various ethnic backgrounds participating in levels of physical activity recommended by the Surgeon General or engaged in vigorous physical activity. [34] [35] [36] Second, there is a lack of knowledge concerning the potential effects of such physical activity on cardiorespiratory fitness. 37, 38 The scientific literature includes relatively few controlled exercise training studies examining the physiological effects of regular participation in moderate intensity physical activity. This gap in the literature may slow acceptance of current public health recommendations on physical activity among certain professional groups and segments of the public. Specifically, improved cardiorespiratory fitness in women following moderate intensity exercise training may facilitate acceptance by women of habitual moderate intensity activity for improvement of both health and fitness. To address this deficiency in the scientific literature, the present study compared the metabolic and cardiorespiratory effects of moderate intensity and vigorous intensity exercise training in women.
MATERIALS AND METHODS

Subjects
Subjects were part of previously published investigations of the effects of mode and intensity of exercise on hematological adaptation 39, 40 and iron status. 41 Healthy, nonsmoking 20-40-yearold women were recruited via newspaper advertisements and direct mailings and were screened for participation. Inclusionary criteria included eumenorrhea ($ 9 menstrual cycles in the last 12 months), no pregnancy in the last 12 months, and no regular exercise in the last 6 months. Subjects were sedentary at baseline, with no participation in habitual physical activity, and were self-described as either "professional/clerical worker" (76%), "student" (12%), or "homemaker" (12%). All potential subjects were apprised of the experimental procedures and gave informed consent in accordance with the Human Subjects Review Committee, School of Public Health, University of South Carolina.
Research design
Subjects were randomly assigned to either moderate intensity (MOD) or vigorous intensity (HI) training groups and completed a 12-week progressive exercise training program at 40% and 80% of initial individual V Ç O 2 max, respectively. Oxygen consumption (V Ç O 2 ), ventilation (V Ç E), respiratory exchange ratio (RER, ratio of carbon dioxide produced/oxygen consumed (V Ç CO 2 / V Ç O 2 ), heart rate (HR), time to exhaustion, and rating of perceived exertion (RPE) were measured during graded maximal exercise before and after training. Testing and training was performed using cycle ergometry. Subjects reported to the laboratory between 0600 and 1100 hours (0830 6 0110 hours). All exercise test data were collected following a 10-12-hour fast at least 36 hours after the last exercise session.
Anthropometric measures
Body mass, height, and triceps, suprailiac, and anterior thigh skinfold measurements were recorded before and after the training period. Skinfold measurements were used to estimate pretraining and posttraining body density, 42 with subsequent estimate of body fat percentage. 43 45 An on-line system (Rayfield, Inc., Chicago, IL) was used, consisting of a Parkinson-Cowan CD-4 volume meter and Applied Electrochemistry CD-3A and S-3A/1 CO 2 and O 2 analyzers, calibrated against a Tissot tank and standard gas mixtures, respectively. Criteria for attainment of V Ç O 2 max were RER $ 1.1 and an increase in oxygen consumption of no more than 2 ml ? kg 2 1 ? min 2 1 with the final increase in work rate. 45 At least one of these criteria was met for both tests in all subjects.
Metabolic measures
Exercise training
Training was conducted indoors in a well-ventilated, climate-controlled area and was carefully monitored by the investigators in accordance with American College of Sports Medicine guidelines. 17 Subjects were provided fluids ad libitum. . From week 9 to the completion of training, estimated energy expenditure remained at 1560 kJ ? session 2 1 (375 kcal ? session 2 1 ). Intensity was higher in the HI group, whereas duration was longer in the MOD group, resulting in similar total training volumes. Exercise HR was monitored and maintained within 5 beats ? min 2 1 of the HR associated with 40% or 80% of baseline V Ç O 2 max. As training progressed, workrate was increased 5 6 2 (x w 6 SD) times to maintain the desired training HR range.
Statistical analysis
Effects of training on V Ç O 2 , HR, RER, and RPE were analyzed by repeated measures ANOVA. 46 Exercise training variables, including sessions attended, estimated metabolic equivalents (METs) (1 MET 5 3.5 ml ? kg 2 1 ? min 2 1 ), HR, exercise duration ? session 2 1 , and kJ ? kg 2 1 ? min 2 1 , were also analyzed by repeated measures ANOVA. 46 An a level of 0.05 was used for main (group and trial) effects and interaction effects, with a Bonferroni adjustment for post hoc comparisons. Unless otherwise indicated, all values are x w 6 SE.
RESULTS
Baseline physical characteristics
The results are based on 18 of 23 subjects (78%) who completed the study. As shown in Table 1 , groups were similar in such physical characteristics as age, height, mass, and V Ç O 2 max. Subjects who discontinued their participation (3 HI, 2 MOD) had baseline values for age (33 6 3 years), body mass index (BMI) (25 6 1.1 kg ? m 2 2 ), and V Ç O 2 max (29.7 6 2.4 ml ? kg 2 1 ? min 2 1 ) that were not significantly different from those who completed the study. Lack of time for training (3 subjects), family problems (1 subject), and pregnancy (1 subject) were reasons for failing to complete the study.
Exercise training
Subjects completed a total of 728 exercise sessions, 605 (83.1%) of which were directly moni- tored by the investigators. There was no difference between the HI and MOD groups in number of sessions completed. Summary data on exercise intensity, duration, frequency, and progression are presented in Table 2 . According to the study design, mean exercise HR, exercise intensity (METs), estimated rate of energy expenditure (kJ ? kg 2 1 ? min 71 ), and exercise duration (min ? session 2 1 ) differed between the two groups (p , 0.05). However, training volume was similar in the two groups, and there were no withinweek intergroup differences in estimated energy expenditure.
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Effects of exercise training on body mass and estimated percentage of body fat
.4%) and MOD (pre 5 29.5 6 1.7%, post 5 29.1 6 1.6%) subjects, respectively.
Effects of exercise training on cardiorespiratory response to workrates of 25-175 W
The effects of high and moderate intensity training regimens on V Ç O 2 , HR, and RER during workrates of 25-175 W are presented in Figure 1 . All subjects in both groups completed pretraining and posttraining workrates of 25, 50, and 75 W. Pretraining and posttraining workrates of 100, 125, 150, and 175 W were completed by 10, 10, 7, and 5 subjects in the HI group, respectively, and 7, 6, 6, and 6 subjects in the MOD group completed these workrates. HR at 100, 125, 150, and 175 W were decreased in both HI and MOD groups following training compared with baseline (p , 0.05), with no difference between training groups. RER was lower in both groups after training at workrates of 50, 75, 100, 125, 150, and BRANCH ET AL. 68 
Maximal exercise
The effects of vigorous and moderate intensity training regimens on V Ç O 2 max and RERmax have been reported previously. 40 Briefly, V Ç O 2 max (1? min 2 1 ) increased significantly (p , 0.05) following training for both groups (MOD 5 17%, HI 5 21%), with no significant difference in improvement between the groups. Time to exhaustion increased by 19% (569 6 49 seconds to 677 6 56 seconds) and 23% (599 6 38 seconds to 736 6 37 seconds) for the MOD and HI groups, respectively (p , 0.05). V Ç E max also increased following training (p , 0.05) from 61 6 5.4 to 71 6 6.6 l ? min 2 1 (MOD) and 56.6 6 6 to 68.5 6 4.1 ? min 2 1 (HI). Maximal HR was not changed by either high or moderate intensity training.
RPE during submaximal and maximal exercise
The effects of exercise training at 40% and 80% of V Ç O 2 max on RPE during submaximal exercise are also shown in Figure 1 . Both training groups showed decreased RPE at 50 W and 100 W compared with baseline (p , 0.05). Maximal RPE remained unchanged in both groups (HI 5 15 6 1 to 16 6 1; MOD 5 15 6 1 to 16 6 1).
DISCUSSION
To our knowledge, this study is the first to examine the cardiorespiratory adaptations following training at the extremes of the recommended range of exercise intensity (40% versus 80% of V Ç O 2 max) 13 in premenopausal women over 21 years of age. The key finding of the present study, in which training intensity, duration, frequency, and energy expenditure were well controlled, progressive, and monitored by the investigators, was that the lower HR, RER, and RPE observed at workrates of 25-175 W after 12 weeks of regular participation in moderate intensity physical activity were similar to the decreases in these variables following high intensity exercise training. These changes indicate similar improvements in cardiorespiratory efficiency (HR) and energy substrate use (RER) in the two groups. The increases in cardiorespiratory fitness and time to exhaustion following moderate intensity training were similar to the increases in these variables following high intensity training. It is noteworthy that the increase in cardiorespiratory fitness following training at 80% of V Ç O 2 max (21%) was neither proportionally nor significantly greater than the increase observed following training at 40% of V Ç O 2 max (17%). Thus, the results of this study provide important information concerning the relationship between exercise intensity and improvement in cardiorespiratory fitness. This finding suggests that in women who are relatively unfit to begin with, moderate intensity physical activity can provide much of the potential improvement in cardiorespiratory fitness that accompanies aerobic exercise training at higher intensities. Furthermore, this finding is important because it documents that the moderate intensity physical activity endorsed in recent public health pronouncements can enhance physical fitness in women as well as provide long-term health benefits.
Demographic data indicate that most women are sedentary, with only a small percentage (, 13%) from various ethnic backgrounds involved in physical activity as recommended by the Surgeon General. 26, [36] [37] [38] According to data from the Behavioral Risk Factor Surveillance System, only 6.2% of women younger than 44 years of age were classified as "regularly active, intensive" ($ 3 sessions ? wk 2 1 , $ 20 min ? session 2 1 , $ 60% of maximal cardiorespiratory capacity). In addition, the only group with no decrease in the prevalence of physical inactivity from 1986 (25.2%) to 1990 (25.8%) was 18-29-year-old women. 47 One possible interpretation of these physical activity demographic data is that, in women, vigorous, intense activity may be less well received than moderate activity. If this is indeed the case, our finding of the efficacy of moderate intensity training in improving cardiorespiratory fitness has public health implications in this population.
Our finding that moderate intensity exercise training improved cardiorespiratory fitness is in agreement with the results of the small number of other studies that examined exercise intensities below 50% of V Ç O 2 max. 20, 48, 49 Duncan et al. 48 reported increases in V Ç O 2 max of 4%, 9%, and 16%, respectively, in young women who walked 4.8 km five times ? week 2 1 at either 4.8, 6.4, or 7.0 km ? h 2 1 for 24 weeks. These walking velocities represented , 37% ("strollers"), , 45% ("brisk walkers"), and , 50% ("aerobic walkers") of baseline V Ç O 2 max, respectively. "Strolling" and "brisk walking" resulted in significant improvements in V Ç O 2 max compared with a sedentary control group. Gossard et al. 20 20 reported a 17% increase in V Ç O 2 max in a high intensity training group of male subjects (HR range 128-148; , 63%-81% of V Ç O 2 max), which was significantly greater than the 8% increase observed in a low intensity training group of male subjects (HR range 102-122; , 42%-60% of V Ç O 2 max). Possible reasons for these discordant findings include differences in training frequency and duration, weekly exercise energy expenditure, and training mode, as well as differences in monitoring the intensities of training. Regardless, it appears possible that endurance exercise performed at 40%-50% of V Ç O 2 max for longer durations can elicit similar improvements in VO 2 max to endurance exercise training performed at 50%-85% of V Ç O 2 max for shorter durations. Although training intensity is a key determinant of improvement in cardiorespiratory fitness, it would seem that training volume, to which training intensity contributes, is also an important determinant of training adaptation.
A limitation of this investigation was the relatively small sample size, which may explain why the mean difference between HI and MOD in improvement in V Ç O 2 max (21% versus 17%, l ? min 2 1 ; 21% versus 14%, ml ? kg 2 1 ? min 2 1 ) was not found to be statistically significant. For V Ç O 2 max, the observed statistical power for the trial main effect was 0.95, but it was only 0.43 for the group by trial interaction. We are aware that a difference between HI and MOD groups for V Ç O 2 max expressed in ml ? kg 2 1 ? min 2 1 would have been detected with a larger sample size and that a more pronounced effect of higher intensity training on V Ç O 2 max is a likely outcome. It is also important to note that the 2.0 kg gain in the MOD group was due to increased mass in 2 subjects who increased absolute V Ç O 2 max (l ? min 2 1 ) by 17% but whose presence attenuated the increase (14%) in relative V Ç O 2 max (ml ? kg 2 1 ? min 2 1 ). However, a direct benefit of working with a small group of exercising subjects was our ability to carefully control training. Furthermore, the degree of precision in monitoring training intensity and total volume employed in this study would have been less feasible with a larger training group. It is recommended that future studies attempt to employ the careful monitoring employed in this study with larger groups of subjects.
The findings of the present study have important implications for physicians and other health professionals who are now being called on to counsel their patients or clients regarding physical activity. 15 National surveys indicate that , 10% of U.S. adults participate regularly in vigorous physical activity, 47 and beginning exercisers may adhere more successfully to programs that emphasize moderate intensity physical activity than those involving vigorous exercise. 51 The findings of this study suggest that moderate intensity physical activity can produce substantial increases in cardiorespiratory fitness as well as reduce risk of developing cardiovascular and other chronic diseases. Hence, physicians can use protocols, such as Physician-Based Assessment and Counseling for Exercise (PACE), 52 to recommend moderate intensity physical activity to patients with confidence that such activity will provide increased fitness in addition to reduce disease risk.
In conclusion, moderate intensity training elicited significant improvement in cardiorespiratory fitness in young women, a population that may be more receptive than young men to physical activity recommendations that include moderate intensity exercise. These data suggest that if training volume is held constant, a health-oriented training regimen of moderate intensity may elicit improvements in cardiorespiratory fitness that are similar to those in a higher intensity training regimen.
